Introduction
In continuation of our studies on the chemical constituents of marine organisms from the coast of Madagascar including red algae, 1 brown algae, 2 and soft corals, 3 we herein turned our attention to soft corals of the species Sarcophyton stellatum, Capnella fungiformis, and Lobophytum crassum. A sponge of the species Pseudoceratina arabica has also been included in the present investigation. Soft corals and sponges have been frequently investigated and found to be rich sources of biologically active compounds. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] However, only a few reports are available on soft corals and sponges from the coast of Madagascar. 3, [15] [16] [17] This region is of particular interest since it is known that the marine environment of the Southern Africa and Western Indian Ocean region contains a wealth of endemic species, which increases the chance to find new natural products with useful biological activities. [18] [19] [20] In our previous study on Madagascan soft corals, we have isolated five new compounds including the cadinane-type sesquiterpene vanderlandin, the spatane-type diterpene gravilin and the cembranoid diterpene isodecaryiol. 3 These results encouraged us to extend our search for new and potentially bioactive compounds by investigating further soft coral species and a sponge from this region.
Results and discussion

Sarcophyton stellatum
Several species of soft corals of the genus Sarcophyton have been investigated for their chemical constituents. 6, 7, 11, 13, 14, 21 However, no such reports are available for the species S. stellatum. We collected samples of this species at the inner reef of Mahambo, Madagascar, at a depth of 5-6 m. The bodies of S. stellatum were sliced and exhaustively extracted with methanol at room temperature. The methanol extract of S. stellatum exhibited moderate antimalarial activity with an IC 50 value of 35.20 ± 5.02 µg mL −1 for the inhibition of the FCM29 strain of Plasmodium falciparum. Further solvent partitioning of the crude extract afforded a diethyl ether and a dichloromethane extract. Three known cembranoid diterpenes and the unknown enantiomer of a fourth representative were isolated from the diethyl ether and dichloromethane extracts of S. stellatum. Three of these compounds were isolated from both extracts, namely (+)-(7S,8S)-epoxy-7,8-dihydrocembrene C [(+)-1], (+)-(1E,3E,11E)-7,8-epoxycembra-1,3,11,15-tetraene [(+)-2] and (−)-(2R,7R,8R)-sarcophytoxide [(−)-4] (Fig. 1) . The fourth compound, (+)-(7R,8R,14S,1Z,3E,11E)-14-acetoxy-7,8epoxycembra-1,3,11-triene [(+) -3] , was found only in the diethyl ether extract. In addition, the diethyl ether extract of S. stellatum contained a small amount of (S)-3-O-octadecylglycerol (batyl alcohol) (5) , the scaffold structure for a variety of ether lipids of the 1-O-alkyl-2,3-O-diacyl-sn-glycerol type (Fig. 2 ). 22 Compound (+)-1 was isolated as a colorless oil with a specific optical rotation of [α] 20 D = +44.6 (c 0.5, MeOH). CD spectroscopy revealed a molar circular dichroism of Δε = +0.23 (242 nm, MeOH). The molecular formula of (+)-1 was established as C 20 H 32 O by the monoisotopic mass of 288 obtained from the EI mass spectrum in combination with the number and intensities of the 1 H and 13 C NMR signals. The structure of this compound was deduced from extensive 1D and 2D NMR measurements (COSY, HSQC, HMBC, and NOESY). Our NMR data were generally in agreement with those reported for (+)-(7S,8S)-epoxy-7,8-dihydrocembrene C [(+)-1] in the literature (Table S1 †), 23 except for the presence of an additional signal at δ H = 1.51 ppm which we assigned to H-9b. In addition, we revised the assignment of the 13 C NMR signals for C-6 and C-9 and of some proton signals. The isolation of (+)-(7S,8S)-epoxy-7,8-dihydrocembrene C [(+)-1] has been reported before by Deng and coworkers from the soft coral S. molle with a specific optical rotation of [α] 25 D = +99.0 (c 1.9, acetone) 24 with an [α] D value of −22.5 (c 0.19, CHCl 3 ). 25 Subsequently, the same compound has been obtained from an unidentified species of a Caribbean gorgonian of the genus Eunicea 26 and from the soft coral S. trocheliophorum. 27 The absolute stereochemistry of (−)-1 was assigned as (7R,8R) via enantioselective total synthesis in 2000 by Li et al. 28 They reported a specific optical rotation of [α] 20 D = −25.2 (c 0.21, CHCl 3 ) which is in good agreement with the value of the natural product originally isolated by Bowden. We obtained (+)-(7S,8S)-epoxy-7,8dihydrocembrene C [(+)-1] for the first time from the soft coral S. stellatum. Seifert et al. reported moderate antiproliferative activity of (+)-1 against the cell lines HUVEC and K-562 and a moderate cytotoxicity against the HeLa cell line. 23 The structurally related metabolite (+)-2 was isolated as a colorless oil with a specific optical rotation of [α] 20 D = +12.0 (c 0.5, MeOH). The CD spectrum of (+)-2 in methanol exhibited a molar circular dichroism of Δε = −0.11 (251 nm). The [M + H] + ion at m/z = 287 in the ESI mass spectrum in combination with the number and intensities of the 1 H and 13 C NMR signals suggested a molecular formula of C 20 H 30 O. The structure of metabolite (+)-2 was elucidated based on the analysis of the 1D and 2D NMR spectra. The NMR data were in reasonable agreement with those reported in the literature (Table S2 † 
, which has been originally obtained from the soft coral S. crassocaule 25 with an [α] D value of −14.4 (c 0.1, CHCl 3 ) and subsequently also from a Lobophytum species. 29 Thus, we have isolated for the first time the opposite enantiomer, (+)-(1E,3E,11E)-7,8-epoxycembra-1,3,11,15-tetraene [(+)-2]. The absolute configuration of this natural product still remains to be determined.
Compound (+)-3 was isolated as a colorless oil with a specific optical rotation of [α] 20 D = +171.8 (c 0.1, MeOH). The EI mass spectrum with a molecular ion peak at m/z = 346 and the 1 H and 13 C NMR data were in agreement with the molecular formula of C 22 H 34 O 3 . The IR spectrum of (+)-3 showed an absorption band for an ester group (1724 cm −1 ). This assignment was confirmed by the 1 H and 13 C NMR spectra displaying signals for an acetate moiety [δ H = 2.04 ppm (s), δ C = 170.19 (C) and 21.37 ppm (CH 3 )]. The 13 C NMR spectrum showed signals for 22 resolved carbon atoms including six methyl groups, five methylene groups, six methine groups, and five quaternary carbon atoms. The analytical data proved to be identical with those of (+)-(7R,8R,14S,1Z,3E,11E)-14acetoxy-7,8-epoxycembra-1,3,11-triene [(+)-3] (Table S3 †), which has been isolated by Bowden et al. from the soft coral S. trocheliophorum. 30 Prior to that report, Kobayashi's group obtained (+)-3 as a semi-synthetic oxidation product of sarcophytol A. 31 They deduced the (14S)-configuration of (+)-3 from sarcophytol A which had been determined by using Horeau's method. Accordingly, the (7R)-configuration was assigned by isomerization of (+)-3 to the corresponding allyl alcohol (Δ 8 -7,14-dihydroxy compound) and determination of the absolute configuration by the same method. Bowden et al. also determined a (14S)-configuration for the corresponding 14-hydroxy compound, which was interconvertible with (+)-3, by using Mosher's method. 30 They assigned a (7R)-configuration for compound (+)-3 in analogy to a related Δ 8 -7,14-dihydroxy compound which was isolated along with (+)-3. Knowing the configuration at C-7, the (8R)-configuration was derived following Bowden's reasoning. 30 The specific optical rotation values of (+)-3 reported by Kobayashi ([α] D = +150 (c 1.02, CHCl 3 )) 31 and Bowden ([α] D = +136 (c 1.1, CHCl 3 )) 30 confirm that we have obtained the same enantiomer ([α] D = +171.8 (c 0.1, MeOH)). Thus, we have isolated (+)-(7R,8R,14S,1Z,3E,11E)-14-acetoxy-7,8-epoxycembra-1,3,11-triene [(+)-3] for the first time from the soft coral S. stellatum. It should be noted that (+)-3 exhibited a moderate cytotoxicity against P388 (murine leukaemia), A549 (human lung carcinoma), HT29 (human colon carcinoma) and MEL28 (human melanoma) cell lines. 30 Compound (−)-4 was isolated as colorless crystals with a melting point of 60-61°C and a value for the specific optical rotation of [α] 20 D = −129.4 (c 0.1, MeOH). The CD spectrum of (−)-4 in MeOH showed molar circular dichroism values of Δε = +0.01 (247 nm) and −0.01 (274 nm). The molecular formula of C 20 H 30 O 2 was derived from the EI-MS, 1 H and 13 C NMR data. Analysis of a set of 1D and 2D NMR spectra led to the identification of (−)-4 as (−)-sarcophytoxide. This was confirmed by comparison of the 1 H and 13 C NMR data with those of (−)-sarcophytoxide isolated by Seifert et al. from S. ehrenbergi 23 and Bowden and coworkers 32, 33 (Table S4 †) .
Recrystallization of (−)-4 from diethyl ether provided single crystals which were suitable for X-ray diffraction. The X-ray crystal structure determination unequivocally confirmed the constitution and relative configuration of (−)-sarcophytoxide [(−)-4] (Fig. 3 ). In addition, the absolute configuration of (−)-4 has been assigned by the anomalous dispersion as (2R,7R,8R) (Flack parameter: χ = 0.1(0)). 4, 35 Similarly, Bowden et al. correlated the structure of (−)-4 with the known (2R)sarcophytonin by reductive cleavage of the epoxide with a Zn-Cu couple and secured the absolute configuration at C-2. 33 X-ray structural determination of (+)-sarcophytoxide [(+)-4], obtained from Sarcophyton sp. with a specific rotation of [α] D = +157 (c 1.0, MeOH), was reported by Kobayashi and coworkers. 36 (+)-Sarcophytoxide [(+) -4] has been isolated in a study of the relationship between soft coral diversity and cembranoid diterpene production of Sarcophyton specimens from Okinawa, Japan. 37 A more recent isolation of (−)-sarcophytoxide [(−) -4] has been reported by Seifert and coworkers from S. ehrenbergi with [α] 25 D = −128 (c 1.0, CHCl 3 ), which corresponds to our value ([α] 20 D = −129.4 (c 0.1, MeOH)). 23 We have isolated (−)-sarcophytoxide [(−)-4] for the first time from the soft coral S. stellatum.
Compound 5 ( Fig. 2 ) was isolated as a yellow solid with a melting point of 69-70°C and a specific optical rotation of [α] 20 D = +2.6 (c 0.07, MeOH). The analytical studies of compound 5 including 2D NMR experiments suggested that compound 5 is identical with (S)-3-O-octadecylglycerol (batyl alcohol), one of the most common core compounds of 1-Oalkyl-2,3-O-diacyl-sn-glycerols, which are widespread components of the non-polar lipid fractions of aquatic and terrestrial animals. 22 Our analytical data are in agreement with those reported by Haraldsson and coworkers for a synthetic sample. 38 
Capnella fungiformis
So far, soft corals assigned to the species Capnella fungiformis have not been studied for their chemical constituents. We obtained samples of C. fungiformis from the inner reef of Mahambo, Madagascar, at a depth of about 5-6 m. The fresh material of C. fungiformis was cut and soaked in methanol immediately after collection. After removal of the solvent, the crude methanol extract was tested in an antimalarial assay and found to exhibit moderate activity with an IC 50 value of 32.80 ± 3.03 µg mL −1 for the inhibition of the FCM29 strain of Plasmodium falciparum. The methanol extract of C. fungiformis was further extracted with diethyl ether and separated by column chromatography over silica gel into two fractions eluting with pentane-diethyl ether (gradient 10 : 1 to 7 : 3). Fraction F-1 was purified by two additional column chromatographic steps ( pentane-diethyl ether, 10 : 1 and 20 : 1) affording an inseparable mixture of ethyl 5-[(1E,5Z)-2,6-dimethylocta-1,5,7-trienyl]furan-3-carboxylate (6) and the corresponding (1E,5E)-isomer 7 (subfraction F-1-1-1) along with octadecan-2-one (8) (subfraction F-1-1-2) ( Fig. 4 ).
The mixture of 6 and 7 was obtained as a yellow solid. The ratio of the Z/E-isomers was determined to be 3 : 2 (6 : 7) by GC-MS and NMR spectroscopy. Their molecular formula C 17 H 22 O 3 , corresponding to seven double bond equivalents, was determined on the basis of the molecular ion peak at m/z = 274 in the EI mass spectra in combination with the number and intensities of the 1 H and 13 C NMR signals. The 1 H and 13 C NMR data for the isomers 6 and 7 have been assigned unambiguously from the spectra of the mixture. In combination with the DEPT spectrum, signals for three methyl groups, four methylene groups, and five methine groups were identified for each isomer. Tables S5 and S6 †) . Furthermore, the HMBC correlations of H-1/1′ with C-2/2′, C-3/3′, and C-4/4′ and of H-3/3′ with C-1/1′, C-2/2′, C-4/4′, and C-13/13′ established the furan ring and the location of the ester carbonyl group at C-2/2′. The correlation of H 3 -14/14′ with C-6/6′, C-5/5′, and C-4/4′ suggested that the methyl group is located at C-6/6′ of the Δ 5 /Δ 5′ -double bond which is attached to C-4/4′ of the furan ring. The geometry of the double bonds in 6 and 7 was determined by analysis of the NOE correlations ( Fig. 5 ). The protons H 2 -8 and H-11 of 6 exhibited a strong NOE correlation, whereas the protons H 2 -8′ and H-11′ in 7 showed no such interaction. Accordingly, NOESY cross-peaks have been observed for the protons H 2 -8′ and H 3 -15′ in 7 but not for H 2 -8 and H 3 -15 in 6. This fact strongly suggests a Z-configuration of the Δ 9 -double bond in 6 and an E-configuration for the corresponding double bond in compound 7. The geometry of the Δ 5 /Δ 5′ -double bond was determined to be E in both isomers due to strong NOE interactions between H 2 -7/7′ and H-5/5′ as compared to weak NOE correlations of the protons H 3 -14/14′ with the protons H-5/5′.
The ethyl furancarboxylates 6 and 7 are sesquiterpenes which have not been reported as natural products so far. In 1977, Coll et al. isolated 5-[(1E,5Z)-2,6-dimethylocta-1,5,7trienyl]furan-3-carboxylic acid, corresponding to compound 6, from the Australian soft coral Sinularia gonatodes Kolonko. 39 Derivatization with diazomethane afforded the corresponding methyl ester. Subsequently, Bowden and Coll obtained both, the (1E,5Z) and the (1E,5E)-furan-3-carboxylic acids, along with their methyl esters from Sinularia cappilosa. 40 5-[(1E,5Z)-2,6-Dimethylocta-1,5,7-trienyl]furan-3-carboxylic acid exhibited anti-inflammatory activity as shown by inactivation of bee venom phospholipase A 2 . 41 More recent isolations of 5-[(1E,5Z)-2,6-dimethylocta-1,5,7-trienyl]furan-3-carboxylic acid, the corresponding (1E,5E)-isomer, and their methyl esters have been reported by Venkateswarlu and coworkers from Sinularia kavarattiensis. 42 A single report for the (1E,5E)-ethyl ester 7 has been published by Faulkner et al. as a synthetic intermediate towards the corresponding furancarboxylic acid. 43 The corresponding ethyl 5-[(1E,5Z)-2,6-dimethylocta-1,5,7-trienyl]furan-3-carboxylate (6) has not been reported previously. Since we have not used ethanol during the isolation process, the ethyl furancarboxylates 6 and 7 represent new natural products.
Octadecan-2-one (8) was obtained from subfraction F-1-1-2 of the diethyl ether extract of C. fungiformis as a colorless solid with a melting point of 57-58°C. Compound 8 has been isolated previously from various natural sources and the analytical data (IR, 1 H NMR, EI-MS) are in agreement with those reported in the literature. 44 Table 1) . Signals of four methyl groups, four methylene groups, four methine groups, and three quaternary carbon atoms were identified by 1 H NMR, 13 C NMR, and DEPT measurements. The COSY experiment revealed the presence of four spin systems (Fig. 7 ). The first one consists of two coupled methylene groups which further interact with the methine proton H-4 and the methyl protons H 3 -15 to give the fragment -CH 2 -CH 2 -CH(CH 3 )-. The second spin system extends from H-8α/H-8β via H-9α/H-9β and H-10 to the methyl protons H 3 -14 representing the same structural fragment. A third spin system is formed by the isopropyl group (H-11, H 3 -12, H 3 -13) and, finally, the isolated proton H-6 completes the number of observed spin systems. A complete proton to carbon assignment was achieved by analysis of the HSQC spectrum. The presence of a guaiane sesquiterpene skeleton was confirmed by the HMBC spectrum. Characteristic HMBC interactions, which led to the elucidation of the fused seven-and five-membered ring system by connecting the proton spin systems, include those of C-1/ H-10, C-1/H-6, C-1/H-4, C-1/H-2α, C-5/H-6, C-5/H-4, C-5/H-2α, C-4/H-6, C-7/H-6, C-7/H-8α, and C-7/H-8β ( Fig. 7 and Table 1 ). The position of the methyl group at C-10 was established based on HMBC cross-peaks between C-10/H 3 Table 1 ) in combination with the analysis of coupling constants (Tables 1, 2, S7 and S8 †) and a comparison of calculated (GIAO) and experimental 1 H and 13 a Shift, multiplicity and coupling constants derived from the simulated spectrum ( Fig. S11-S17 ). b The number of attached protons as determined by the DEPT experiment. c HMBC correlations from carbon atoms to protons. d Only the most significant signals are shown. Coupling constants have been used to correlate the proton assignments of the five-membered ring. For this purpose, the experimental coupling constants in the five-membered ring have been determined from the complex signals in the 1 H NMR spectrum by iterative approximation of simulated coupling patterns ( Fig. S11-S17 †) . The minimum energy conformations for all eight possible diastereoisomers of 9 have been obtained by quantum chemical calculations using PBE0-D3 (BJ)/def2-TZVP-F (D-PCM, solvent: CDCl 3 ). The envelope conformation of the five-membered ring is identical for all eight diastereoisomers and corresponds to a syn-arrangement of the epoxy moiety and C-3. This is in full agreement with X-ray crystal structures of related epoxyguaiane sesquiterpenes. 46 The estimated coupling constants obtained from the torsion angles of the calculated minimum energy conformations (Tables 2 and S7 †) using the Bothner-By equation 45 have been compared with the experimental data (Tables 2 and S8 †). Only the cis-diepoxide 9a and the diastereoisomeric trans-diepoxide 9b (Fig. 6) show good agreement between experimental and estimated data (Table S8 † ). Both compounds have two very small coupling constants (estimated: 2 Hz, found: <1 Hz, Table 2 ) for H-2α/H-3cis and H-3cis/H-4 because of torsion angles of approximately 90°between these pseudoequatorial protons (cis and trans denote the orientation of the corresponding proton relative to the 4-Me group). Consequently, the 4-Me group adopts the β-position which is also supported by an NOE signal for the interaction of H-2β with H 3 -15. At this point, it becomes possible to assign H-3cis as H-3β and H-3trans as H-3α. A distinction between the structures 9a and 9b by NOE interactions proved to be difficult. A strong NOE signal has been observed for H-4/H-6 ( Fig. S22 †) ; however, this signal could not be used to assign the relative orientation of the corresponding protons. Ambiguous NOE signals between the protons of the isopropyl group and the adjacent protons H-8α and H8-β prevented a direct assignment of the configuration for the isopropyl group relative to the 10-Me group. Both structures, 9a and 9b, are in agreement with the observed NOE signals and the coupling constants. In order to differentiate between 9a and 9b, we have compared the calculated chemical 1 H and 13 C NMR shifts (GIAO) with the corresponding experimental data (Tables S9 and S10 †) . As a result from this comparison, our natural product was assigned as the cis-diepoxide 9a because for this structure we observed smaller deviations between calculated and experimental values, in particular for the 13 C NMR shifts. Missing NOE interactions between H-9α and/or H 3 -12/H 3 -13 as well as between H-10 and/or H 3 -12/H 3 -13 support our assignment. Based on the spectroscopic data discussed above, the isolated compound was tentatively assigned as (1R/S,4S/R,5S/R,6S/ R,7R/S,10S/R)-1,5:6,7-diepoxyguaiane (9a) (Fig. 6 ) with a cisconfiguration of the 4-Me and the 10-Me group as known for the common sesquiterpenoid guaiol. Compound 9a represents a novel diepoxyguaiane sesquiterpene which we have named oxyfungiformin. Biogenetically 9a may derive from a twofold epoxidation of 4αH,10αH-guaia-1(5),6-diene (γ-guaiene) 47 or 4βH,10βH-guaia-1(5),6-diene. 48 Recently, Venkateswarlu and coworkers reported the isolation of the diastereoisomeric compound 9c (Fig. 6 ) from Sinularia kavarattiensis (India). 42b Subfraction F-2-2 of the diethyl ether extract of C. fungiformis contained a mixture of sterols. This fraction was additionally purified by reversed-phase HPLC using acetonitrile-water (9 : 1) as the mobile phase to afford the three known steroids 24-methylenecholesterol (10), (24S)-24-methylcholesterol (11) and gorgosterol (12) (Fig. 10 ). Compound 10 was obtained as a colorless solid and, based on MS, IR, 1D, and 2D NMR data, identified as 24-methylenecholesterol (10). 1,3,49-52 Comparison of the 1 H NMR data of 10 with those reported by Su et al. 52 for a synthetic sample (Table S11 †) and of the 13 C NMR shift values with those reported for a sample isolated from Litophyton viridis 51 (Table S12 †) confirmed the assignment. 24-Methylenecholesterol (10) has been found in various soft corals, for example, Capnella imbricata, 53 Litophyton viridis, 51 Sinularia flexibilis, 54 Sinularia maxima, 55 and Sinularia vander-landi. 3 It has not been obtained previously from the soft coral C. fungiformis.
(24S)-24-Methylcholesterol (11) was isolated as a colorless solid and assigned based on comparison of the 1 H and 13 C NMR data with those reported in the literature (Tables S11 and S12 †). [56] [57] [58] (24S)-24-Methylcholesterol (11), the C-24 epimer of campesterol, has been isolated previously from diverse natural sources, in particular from soft corals (e.g. from Sinularia sp., 59 Sinularia dura, 60 Lobophytum sp. 61 and others). The first synthesis of compound 11 has been described in 2012 by McCarthy and coworkers. 56 We have isolated (24S)-24-methylcholesterol (11) for the first time from the soft coral C. fungiformis.
The third sterol was identified as gorgosterol (12) (Fig. 10 ). [62] [63] [64] Hz) , which are characteristic of the protons of the cyclopropane ring. The structure of the compound was unambiguously confirmed by comparison of the 13 C NMR signals with those reported for gorgosterol (12) isolated from the soft coral Alcyonium molle (Table S12 †). 65 Soft corals are a rich source of gorgosterol and several species have been shown to contain this sterol, for example Sarcophyton glaucum, 66 Alcyonium molle, 65 Sinularia kavarattiensis, 67 and Asterospicularia laurae. 68 The soft coral C. fungiformis investigated herein represents a new source of this sterol.
Lobophytum crassum
Soft corals of the species L. crassum have been frequently studied for their chemical constituents. The first report appeared in 1977 by Bowden et al. who isolated a cembranoid diterpene from a specimen collected in Australia. 69 Cembranoids have been repeatedly described as major components of L. crassum. [70] [71] [72] In the present study, we investigated for the first time the chemical constituents of L. crassum collected at the coast of Madagascar. A specimen of this soft coral was minced and extracted with methanol at room temperature. After evaporation of the solvent, the crude extract was taken up with diethyl ether. Purification of the resulting diethyl ether extract by column chromatography provided a 3.5 : 1 mixture of (24S)-24-methylcholesterol (11) and cholesterol. The antimalarial assay of the crude methanol extract of L. crassum exhibited an IC 50 value of 33.15 ± 2.90 µg mL −1 for the inhibition of the FCM29 strain of Plasmodium falciparum, indicating moderate activity against this pathogen.
Pseudoceratina arabica
Samples of the sponge P. arabica from the Red Sea have already been investigated for their chemical constituents, resulting in the isolation of brominated compounds derived from tyrosine. [73] [74] [75] Specimens of P. arabica were obtained from the waters around Nosy Be, Madagascar, at a depth of about 18-25 m. The samples were homogenized and then extracted with methanol at room temperature. The combined organic layers were filtered and concentrated in vacuo to obtain the crude methanol extract, which was extracted with hexane and then dichloromethane. The major compound of the hexane extract (F-1) was identified as aplysterol (13) (Fig. 10) . Compound 13 was obtained as a colorless solid with a melting point of 125-126°C and a specific optical rotation of [α] 20 D = −27.0 (c 0.05, MeOH). The NMR data of 13 were in agreement with those reported in the literature (Tables S11 and S12 †). 76, 77 Aplysterol (13) was previously isolated from other marine sponges, e.g. Aplysina aerophoba 78 and Aplysina fistularis, 77, 79 and also from terrestrial plants, such as Mussaenda macrophylla, 80 but not from P. arabica. Further fractionation of the dichloromethane extract (F-2) of P. arabica followed by column chromatography over silica gel afforded additional aplysterol (13) and a mixture of the dibromotyrosine metabolites 14a and 14b (Fig. 11) . Compounds 14a and 14b were identified by IR spectroscopy, EI mass spectrometry, 1 H and 13 C NMR spectroscopy, and a set of 2D NMR methods (COSY, HSQC, HMBC, NOESY). The structure elucidation was confirmed by comparison with the 1 H and 13 C NMR data of the compounds isolated from Aplysina sp. (Table S13 †). 81 The GC-MS chromatogram showed only a single peak. However, a double set of signals for H 3 -9, H 2 -10 and H 3 -11 in the 1 H NMR spectrum indicated the presence of two diastereoisomers in a ratio of about 3.5 : 1 in favor of the cis-isomer 14a (cis and trans denote the position of the ethoxy group relative to the hydroxy group), the same ratio as reported by Santalova et al. 82 The predominant cis-isomer 14a was identified by a strong NOE correlation between H 3 -9 and H 2 -7. The trans-isomer 14b showed NOE cross-peaks between H 2 -10 and H 2 -7.
The diastereoisomeric compounds 14a and 14b have been isolated first from a sponge of the genus Verongia 83 and subsequently from Aplysina fistularis, 84 Aplysina sp., 81, 82, 85, 86 Pseudoceratina sp., 87 Suberea mollis, 88 Suberea sp., 89 and Ircinia variabilis. 90 Occasionally, they have been described as possible artifacts. 83, 85 However, since we have not used ethanol during the isolation process, we consider 14a and 14b to be original natural products of P. arabica. Even if not explicitly mentioned, the diastereoisomeric compounds 14a and 14b most likely have always been obtained as a mixture. 83, 87, 89 Separation of the two diastereoisomers by HPLC was achieved by Lin and coworkers 91 and Santalova et al., 81 who also provided 1 H NMR data for the separated isomers. Even though the sponge P. arabica has already been investigated for its chemical constituents, [73] [74] [75] compounds 14a and 14b have not been isolated from this species so far.
The dichloromethane fraction (F-2) of P. arabica and the ethyl acetate (F-2-1), n-butanol (F-2-2), and aqueous (F-2-3) fractions derived therefrom (see the Experimental, Extraction and isolation section) have been investigated for their activity against a series of microbes (Table 3 ). It appeared that the parent dichloromethane (F-2) and the ethyl acetate (F-2-1) extracts of P. arabica are very active against the Gram-negative bacteria Enterobacter cloacae, Klebsiella oxytoca, Shigella boydii, Escherichia coli, and Salmonella enteridis and against the Grampositive bacteria Bacillus cereus, Staphylococcus aureus, and Streptococcus pneumoniae. Exceptionally high activity was observed for the dichloromethane extract (F-2) of P. arabica against S. boydii. The butanol extract (F-2-2) was very active against S. boydii and significantly active against S. aureus and S. pneumoniae. The aqueous extract (F-2-3) was very active against E. coli and S. enteridis. It should be noted that compounds 14a and 14b, which we isolated from the dichloro- methane extract, were reported to show no antimicrobial activity. 84, 86, 88, 89 In contrast, the parent ketone and related derivatives are described to be active against a variety of pathogens. 73, 88, 89, 92 Some derivatives show antimigratory activity against the highly metastatic MDA-MB-231 human breast cancer cell line, 74, 75 induce apoptosis in human breast tumor cells, 93 or inhibit Na + -K + -ATPase activity. 94 It can be assumed that some as yet unidentified components, possibly also dibromotyrosine derivatives, are responsible for the antimicrobial activity of the extracts. None of the four extracts of P. arabica investigated in our antimicrobial assay exhibited activity against the yeast Candida albicans. The crude methanol extract of P. arabica was also inactive against the FCM29 strains of Plasmodium falciparum.
Conclusions
We -trienyl]furan-3-carboxylate (7) . Moreover, we isolated from C. fungiformis the novel diepoxyguaiane sesquiterpene oxyfungiformin (9a).
Experimental
General methods Polymer Laboratories) connected via a Sunchrom Quick-Split splitter. Column chromatography was performed using silica gel from Acros Organics (0.035-0.070 mm). Melting points were measured using a Gallenkamp MPD 350 melting point apparatus. Optical rotations were determined with a PerkinElmer 341 polarimeter at a wavelength of 589 nm (sodium D line) using a 1.0 decimeter cell with a total volume of 1.0 mL. CD spectra were recorded on a JASCO J-815 CD spectrometer. UV spectra were measured with a PerkinElmer Lambda 25 UV-Vis spectrometer. Fluorescence spectra were measured on a Varian Cary Eclipse fluorescence spectrometer. IR spectra were recorded on a Thermo Nicolet Avatar 360 FT-IR spectrometer using the ATR technique (attenuated total reflectance). NMR measurements were performed with a Bruker AVANCE III 600 spectrometer. The chemical shifts δ are reported in ppm using the solvent as the internal standard ( 1 H: δ H 7.25 ppm CHCl 3 ; 13 C: δ C 77.00 ppm CDCl 3 ). The following abbreviations have been used: s: singlet, d: doublet, t: triplet, q: quartet, sp: septet, m: multiplet and br: broad. Assignment of the 1 H NMR and 13 C NMR signals was achieved using the 2D NMR methods COSY, HSQC, HMBC and NOESY. Mass spectra were measured by GC-MS coupling with an Agilent 6890 N GC System equipped with a 5973 Mass Selective Detector or with HRMS on a Finnigan MAT 95 mass spectrometer (electron impact, 70 eV). ESI-MS spectra were recorded on a Bruker Esquire mass spectrometer with an ion trap mass analyzer; positive and negative ions were detected. Elemental analyses were performed using a EuroVector EuroEA3000 elemental analyzer. X-ray single crystal structure analysis: X-ray diffraction data were collected on a Bruker AXS Kappa APEX Duo diffractometer with a microfocus tube using Cu K α radiation (λ = 1.54178 Å). The programs used were: for data collection: APEX2, 95 for data reduction: SAINT, 96 for absorption correction: SADABS version 2.10, 97 for structure solution: SIR2002, 98 and for structure refinement by full-matrix leastsquares against F 2 : SHELXL. 99 Hydrogen atoms were placed in calculated positions and refined as riding atoms at carbon atoms. The figure was generated using the programs ORTEP-III 100 and POV-Ray 3.7. SAIAB (collection numbers: 201734 for S. stellatum, 201730 for C. fungiformis, 201729 for L. crassum and 201727 for P. arabica).
Natural sources
Samples
Extraction and isolation
General. Each sample was labeled, immediately frozen, and kept at −20°C until being processed unless otherwise described.
A specimen of S. stellatum (1 kg, wet weight) was minced and then extracted with methanol at room temperature. The mixture was filtered and the organic phase was concentrated under reduced pressure to yield the crude extract (29 g) , which was partitioned between water/diethyl ether and water/ dichloromethane, successively. The diethyl ether extract (11 g) was subjected to column chromatography over silica gel using pentane with increasing proportions of diethyl ether and then diethyl ether-ethyl acetate (10 : 1) as eluents to afford the three fractions F-1, F-2 and F-3, respectively. Fraction F-1 (2.0 g) eluted with pentane-diethyl ether (10 : 1) was then separated by column chromatography over silica gel using increasing concentrations of diethyl ether in pentane to give two fractions (F-1-1 and F-1-2) according to TLC detection. Fraction F-1-1 (1. The material of C. fungiformis (770 g, wet weight) was cut and then extracted with methanol. The methanol extract was concentrated under reduced pressure and the residue (17 g) was dissolved in dry diethyl ether. The diethyl ether extract (8.0 g) was subjected to column chromatography over silica gel using pentane with increasing proportions of diethyl ether as the eluent to afford two main fractions. The first fraction (F-1) (2.2 g) was separated by column chromatography over silica gel eluting with a gradient of pentane-diethyl ether to obtain three subfractions (F-1-1, F-1-2 and F-1-3) according to TLC detection. Fraction F-1-1 (1.8 g) was purified by column chromatography over silica gel with pentane-diethyl ether (20 : 1) as mobile phase, affording a mixture of furan sesquiterpenes 6 and 7 (F-1-1-1, 15 mg) in a ratio of about 3 : 2 (6 : 7) (GC-MS, 1 H NMR) and octadecan-2-one (8) (F-1-1-2, 13 mg). Subfraction F-1-2 (224 mg) was further purified by repeated column chromatography over silica gel with pentane-diethyl ether (10 : 1) to afford 23 mg of the diepoxyguaiane sesquiterpene 9a. Subfraction F-1-3 (17 mg) contained a mixture of monoalkyldiacylglycerols, which was not investigated in detail. The second fraction of the diethyl ether extract (F-2, 574 mg) was repeatedly subjected to column chromatography over silica gel eluting with pentane-diethyl ether (9 : 1) to give two fractions (F-2-1 and F-2-2). Fraction F-2-1 (51 mg) contained a mixture of monoalkylmonoacylglycerols. Fraction F-2-2 (156 mg) was further separated by reverse phase HPLC (acetonitrile-water, 9 : 1) to afford 24-methylenecholesterol (10) (26 mg), (24S)-24methylcholesterol (11) (77 mg), and gorgosterol (12) (43 mg).
A sample of the fresh soft coral L. crassum (0.5 kg, wet weight) was homogenized and exhaustively extracted with methanol. The combined extracts were concentrated to yield a crude mass of 15 g which was extracted with diethyl ether. The dried diethyl ether extract was concentrated under reduced pressure and the residue (2 g) was subjected to column chromatography over silica gel with pentane-diethyl ether (4 : 1) to collect a portion (480 mg) showing a main spot on TLC. This portion was subsequently further purified by two column chromatographic steps over silica gel using pentane-ethyl acetate (9 : 1) and pentane-diethyl ether (7 : 3) as mobile phases to yield a mixture of (24S)-24-methylcholesterol (11) and cholesterol in a ratio of 3.5 : 1 according to the GC-MS chromatogram.
The specimens of the sponge P. arabica (957 g, wet weight) were homogenized and extracted with methanol at room temperature. The combined extracts were concentrated to obtain 34 g of a crude extract, which was extracted successively with hexane and dichloromethane to afford 9.6 g of the hexane extract (F-1) and 4.3 g of the dichloromethane extract (F-2). A portion of 782 mg of the hexane extract (F-1) was subjected to column chromatography over silica gel with a stepped solvent gradient from pentane to diethyl ether as the mobile phase. Fractions eluted with pentane-diethyl ether (4 : 1) were combined to provide 201 mg of aplysterol (13) . The dichloromethane extract (F-2) (4.3 g) was partitioned between water and ethyl acetate. After separation of the ethyl acetate layer, the aqueous layer was extracted with n-butanol. Evaporation of the ethyl acetate, n-butanol and the aqueous layers provided residues of 1.3 g (F-2-1), 1.9 g (F-2-2) and 1.0 g (F-2-3), respectively. A 1.0 g portion of the ethyl acetate extract (F-2-1) was extracted with dichloromethane to give 356 mg of a dichloromethane extract (F-2-1-1), which was subjected to column chromatography over silica gel using pentane with increasing proportions of diethyl ether as the eluent. The fractions eluted with pentane-diethyl ether (4 : 1) were combined to give a fraction of 240 mg, which was subjected to column chromatography over silica gel to provide another 97 mg of aplysterol (13) . A 657 mg portion of the n-butanol extract (F-2-2) was further extracted with dichloromethane to afford a residue of 234 mg (F-2-2-1). The dichloromethane extract (F-2-2-1) was subjected to column chromatography over silica gel eluting with: (1) pentane-diethyl ether (4 : 1) and (2) diethyl ether-dichloromethane (3 : 2) to afford two main fractions F-2-2-1-1 and F-2-2-1-2. Fraction F-2-2-1-1 (77 mg) was purified by column chromatography over silica gel with pentane-diethyl ether (4 : 1) providing 40 mg of aplysterol (13) . Fraction F-2-2-1-2 (157 mg) was subjected to column chromatography over silica gel using diethyl ether with increasing proportions of dichloromethane as the eluent to collect 100 mg of a fraction showing one main spot on TLC. This fraction was subsequently purified by preparative TLC over silica gel with diethyl ether-dichloromethane (3 : 2) to afford a 3.5 : 1 mixture of the acetamides 14a and 14b (26 mg). The aqueous extract (F-2-3, 1.0 g) was extracted with methanol. Column chromatography of the methanol extract (201 mg) over silica gel with ethyl acetate afforded a fraction (116 mg) which showed one main spot on TLC. Another column chromatographic purification over silica gel using diethyl ether-ethyl acetate (3 : 2) as the mobile phase afforded 49 mg of a mixture of the diastereoisomeric acetamides 14a and 14b.
Biological activity
Antimalarial assay. The antiplasmodial activity against the FCM29 strains of Plasmodium falciparum was determined by using the microfluorimetric assay previously reported (see the ESI †). [101] [102] [103] Results are given as IC 50 values in µg mL −1 . Quinine (IC 50 = 3.5 µg mL −1 ) was used as the positive control and the solvent (methanol) as the negative control.
Antimicrobial assay. The antimicrobial activities were determined using the agar diffusion technique in Petri dishes. The different extracts from the sponge P. arabica were tested for their antimicrobial activity against five Gram-negative bacteria: Enterobacter cloacae (ATCC 700323), Klebsiella oxytoca (ATCC 8724), Shigella boydii (ATCC 9207), Escherichia coli, Salmonella enteridis; three Gram-positive bacteria: Bacillus cereus (ATCC 13061), Staphylococcus aureus (ATCC 11632), Streptococcus pneumoniae (ATCC 6301); and against one yeast: Candida albicans. The pathogens were supplied by the Laboratoire de Microbiologie de l'Environnement (LME), Centre National de Recherche sur l'Environnement (CNRE), Antananarivo, Madagascar. The fractions were dissolved in methanol at a concentration of 1 mg mL −1 . A sample (10 μL) of each solution was added via a pipette onto a sterile filter disc of 6 mm diameter and oven dried at 40-50°C. The discs were placed on Müller-Hinton agar plates that had been inoculated with the microorganisms mentioned above. The plates were incubated for 24 h at 37°C for the bacteria and for 48 h at 25°C for the yeast. The diameters of the inhibition zones generated around the discs were measured (Ø in mm). The tests were performed in triplicate and the mean values were determined. Methanol, used to dissolve the extracts, was checked for the absence of antimicrobial activity. The diameters of the halos of inhibition can be rationalized on a qualitative basis as follows: Ø < 7 mm: inactive, 7 mm ≤ Ø < 8 mm: slightly active, 8 mm ≤ Ø < 9 mm: significantly active, Ø ≥ 9 mm: very active.
Molecular modeling
Conformational energy minimization for compound 9a (Fig. 8 ) and for the seven alternative diastereoisomers 9b-h was achieved by quantum chemical calculations using PBE0-D3 (BJ)/def2-TZVP-F (D-PCM, solvent: CDCl 3 ). 
